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Optical data storage 

OS. 2002 
@ 

The present invention relates to a method, device and storage medium for 
optical data storage. 

• There are a number of optical storage techniques, ©ne example of a technique 
is based on changing reflectivity of a storage layer when ''writing'* thereto. This storage 
technique is typically not suitable for multi-layer recording in a stacked storage device 
because of ghost images, coherent cross talk as a result of coherent light, and poof 
transmission for each layer for both incident laser light and signal light. Yet another 
drawback is that a difference in index of refraction of written and non-written memory cells 
causes an optical beam to scatter as it transverses the different non-written layers, resulting in 
a decreased beam quality. 

Another technique is to use fluorescent dyes that are dissolved in polymer 
matrices. In these cases the index of refraction can be tuned to that of the substrates to avoid 
problems with scattering of the optical beams. Furthermore, the multi-layer storage mediums 
can be chosen such that they are transparent at the fluorescent signals wavelengths, 
effectively eliminating half the losses and disturbances associated with standard reflective 
technologies. 

By means of using fluorescent dyes, there are several possibilities to obtain a 
storage device. Irreversible storage of data such as Write Once Read Many (WORM) data 
storage is possible by photo bleaching of fluorescent material in a polymer matrbc. The 
material is heated upon irradiation with a writing laser beam. Initially, quencher molecules 
are deposited in a layer above a layer containing the fluorescent material, comprising so- 
called "fluoro-phores". When the material is heated by the laser beam the quencher 
molecules decompose and form radicals, which can diffuse to the fluoro-phores when the 
temperature exceeds the glass transition temperature of the polymer matrix and the melting 
and/or decomposition temperature of the quencher molecules. The chemical structure of the 
fluoro-phores, and hence the fluorescence spectrum and fluorescence efficiency is then 
changed when the fluoro-phores react with the radicals. The fluorescent signal emitted by 
reacted fluoro-phores is significantly different from Se^al emitted by unreacted 
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fluorophores when they are irradiated vdlb a ''reading beam". This feature is then used for 
reading stored data. However, this concept suffers from the disadvantage of a low data rate . 
during writing due to slow difiusion of the radicals. Furthermore, the contrast obtained is 
poor- 

Another technique is to co-dissolve the quencher molecules wilh the fluoro- 
phores in the polymer matrix, hi this way. the radicals, which are formed upon heating, do 
not have to diffuse into the layer containmg the fluoro-phores and can directly attack them. 
This results m an mcreased data rate; however, a drawback is that the stabUity of the non- 
written memory ceUs is significantly decreased. 

Another way of optically storing information is to irradiate a storage layer 
comprising polymers containing groups, which change their configuration upon exposure to 
light so-called photo-chromic materials. There are many known photo-chromic materials 
such as spiropyran derivatives, polycyclic p-quinones, and fUlgides. The photOH^hromic 
materials generally show a fast response upon irradiation, facihtating high data transfer rates, 
5 typically much faster than the diffusion processes. However, for photo-chromic storage 
devices, there are several issues to be resolved before commercialisation is to be expected. 
For example, a serious issue is the (bi)stabiUty of the photo-chromic materials. Although 
some photo-chromic materials exhibit a good thermal (bi)stability. ihe photo-stabiHty is 
generally poor. Furthermore, the photo-chromic effects are linearly dependent upon the laser 
,0 light intensity. Therefore, it is not trivial to store data m a multi-layer device without cross 
talk Even if this problem can be circumvented by means of usmg photo-chromic effects 
based on two-photon absorption, these devices cannot be used with cheap diode lasers. 

There is still a great demand for optical storage media, which have not only 
high lecordmg densities, but also reversible storage of data. However, often data camiot be 
25 reversibly stored, or the construction of the storage device and the storing method are 

complex, or storing data is time consuming or temperature limited, which result m solutions 

ibat are not very usefUl in practice. 

Thus, the problem of how to combme high stability of written and non-written 
storage areas with Mgh writing speed and good sensitivity during writing still persists. 
3 0 Furthermore, problems mcluding scattering, concerning stacking of storage layers to obtam 

large capacity have to be solved. 

It is an object of the mvention to provide a method for optically storing data 

providing high stabiUty of stored information. 
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Another object of the invention is to provide a method for optically storing 
data at high speed. Herein, the term "high speed" means not significantly slower than within 
nano-seconds, such as withinl 0-50 ns. 

According to an aspect of the invention, it has now been found that an 
5 especially beneficial form of optical data storage is provided by (re)orientation of anisotropic 
molecules initiated by a very short light pulse, which anisotropic molecules thereafter self- 
develop during a time period which is typically longer than the time period for the light 
pulse. Typically, this light is laser light 

• Preferably, the variation of orientation (or molecular order) is achieved by 
1 0 means of irradiation of light, especially by means of a laser beam. Generally, the method is 
performed in such a manner that the optical information is stored by means of a laser beam 
through a local reorientation or disorientation of molecular segments. 

According to another aspect of the invention, a device is provided for optical 
data storage using polymer material as storage mediimi, whereby the device comprises a film 
15 of polymer in order to store data by means of local variation of the molecular order, or 
orientation, of a polymer comprising photo-orientable groups. 

According to a preferred embodiment of the invention, a method for writing 
data in a storage medium is provided, comprising polymer material by modifyuig its optical 
properties, said method comprising the steps of: 
20 - heating up the material above the glass-transition temperature (Tg), and 

initiating the writing by reorientation of photo-orientable-groups in the 
polymer material by means of illuminating with light at a wavelength and for a time period, 
or other means, that initiates the reorientation. 

According to another embodiment of the invention, a device is provided for 
25 optical data storage, comprising: 

polymer material as storage medium, 

means for heating up the nfiaterial above the glass-transition temperature (Tg), 

and 

means for initiating the writing by orientation of photo-orientable-units of the 
30 polymer by illuminating with light at a wave-length and for a time period, or other means, 
that initiates the reorientation, whereby data can be stored in the polymer material by 
modifying its optical properties. 

According to yet another embodiment of the invention, a storage medium is 
provided comprising polymer material, adapted to store data by modifying its optical 
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properties, said polymer material comprising photo-orientable groups, which can be 
reoriented upon illumination with light at a wave-length and for a time period that initiates 
the reorientation, which can self-develop at a suitable temperature, typicaUy above the glass 

transition temperature (Tg). 

These and other aspects of the invention will be apparent from the 

embodiments(s) described hereinafter. 



The present invention will also be more clearly understood from the followmg 
description of the preferred embodiments of the invention read in conjunction with the 

attached drawings, in which: 

Fig. 1 illustrates a multi-functional polymer according to a preferred 

embodiment of the invention. 

Fig. 2 illustrates a device for storing data having stacked storage layers. 
Fig. 3 illustrates how the polymer of Fig. 1 is converted from a non-written 

state to a written state. 

Fig. 4 illustrates an az»-benzene groiq). 

Fig. 5 illustrates a cinnamate groiq). 

Fig. 6 is a flow-chart illustrating a preferred embodiment of the method 
20 according to the invaition. 



The invention will now be described starting with reference to Fig. 1 
illustrating a multifunctional polymer according to a preferred embodiment of the invention. 

25 The different properties that are required to store information are combined in 

the multi-functional polymer as illustrated in Fig. 1. The polymer 10 comprises three or more 
different functional groups. The first group Ri, has Uquid crystallinity, the second group R2 is 
a photo-orientable grovq? and the third group R3 contains a fluorescent chromophore. 
Optionally a fourth group R4 can comprise an additional functionaUty, e. g. to tune the glass 

30 transition temperature Tgof the polymer. In this way, it is possible to optimise and fine-tune 
different functions independently from each other because the functions are separated mto 
different groups. Of course, more functional groups can be added if required, without 
departing from the inventive idea. 
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It is also possible to use a polymer with less then three groups if different 
functionalities are combined in one group, e.g. a fluorescent moiety and a mesogenic group 
can be combined in a fluorescent Uquid crystalKne group. Other combinations are also 
possible. 

Preferably, the polymer is provided with groups that provide the high stability 
of anisotropic polymers for data storage, but at the same time avoid problems with slow 
switching. The storage is based on a photo-mduced change in suitable molecular groups, 
which can be provided into the main chain of the polymer or in side-groups. The polymer 
described in Fig. 1 is only "an example of a polymer ^th functional groups provided in the 
side-groups thereof, and other configurations that fulfill the requirements can also be 
employed. 

The fu:st group Ri having liquid crystallinity can be provided in an essentially 
known manner, which will therefore not be described in more detail. As an example, the first 
group Ri comprises repetitive units, including spacer units, and groups providing liquid 
crystal character such as mesogenic groups. 

The second group Ra comprises photoseositive units, which are capable of 
isomerization. The photosensitive units are typically provided in side-groups, but may also be. 
present in the backbone of the group R2, or in both. Usually tiiese photosensitive groups are 
based on one or more of the general formula 

R-PH 

where PH is a photosensitive group, preferably selected from the group comprising 
azobenzene, biazobenzene, triazobenzene and azoxybenzene, as well as alkyl substituted 
derivatives of the same, stilbene or spiropyran groups, and where R stands for a group which 
enables the chemical bonding of the photochemical unit into the polymer 10, typicaUy a 
group that is enable of polymerisation or polycondensation. 

For instance azo-benzraie groups are rewritable. Upon irradiation with light of 
an appropriate wavelength, the azo-benzene units will undergo a reversible cis-trans 
isomerization around the nitrogen-nitrogen double bond. In this process, there is a driving 
force for the azo-benzene units to decrease the absorption cross section and orient then: 
absorption dipole moment along the propagation direction of the Ught Fig. 4 illustrates an 
azo-benzene group. 



10 



15 
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I, is also possible to «se oflier groups than cis-trans isomers, tliat reversibly 
oaaohangemolecular order by irradi..ion««hUght,of™hioh particular examples «^ 

discussed hereir^ since fhey are obvious for a person skilled iix the art 

It is also possible to provide irreversible writing by means of for mstance 
cinnama.e^ups.Suchagrov^undergo.suponi«adiation«thUtf>.otsui.*le,.^^^ 
aphoto-adationreaction,«hichresultsinanorien.ationperpendicularto«rE-v^ofthe 

Ught Since this reaction is no. reversible, the writing can be conddered as an emnple of 
WORM writing. Fig, 5 illustrates a oinnamate group. 

Already, there is a great demand fcr WORM opfical data storage *sl=s. so- 
oalled "CD-R" and it is ^cpected that tins demand wiU increase when the storage capacity of 

theopticaldatadisks increases. WhenusingaWORM medium for content disMbuti„n.ti>e 

siting process could be serial (dataWts are written one after the otitex); however, tt « no. 
econonticallyinterestingu, incorporate serial writingprocesses in the manufactw^^^^ 

of cheap optical data storage media. Dau repUcation durmg manufecturing ts typrcally on^y 
«„A,*aewhenitcanbedoneinaparaIlelwritingprocess,e.gviaastamperoramou^d. 

ms is one of the essential advantages of optical storage over other storage options such as 
aarddiskandsoUdstatememories.Tberefbr..hraROMmedium,itisp.eferred.ou« 

typeofpaiaUelwriting,eveniffltiaisnotdisclosedherein. 

•ne third group Ra comprising a fluotescent chromophore will change its 
absorption cross section when routed, whe^by rotation (typically 90") of an amsotropic 
Molecule(adipole)givesaconttas.inabso,ption(comparedtoarei».e«=e)andto 

fluorescence when irradiated. This change of absorption cross section rs dso ™hd fortire 
second group and to some cases, depending on group, also for the firs, group R, . The 
variation of molecular geometry and flie induced local non-equilibrium states causes 
5 variations to ti« optical properties such as reftactive index, double reftaction or absorptiorr 
p«,^es. of which a.e latBr wUl be described herein when a device for stonng dam and tire 
storing principle thereof are flirther described below. 

InFig 2 adevice20forstoringdatahavmgstac)ced storage layers IS 
iUastratedincross section in a direction perpendicular to apian surface of ^e staciced layers. 
,0 Abaseplatoliscoveredwiti.apolymerlayer2.T^b,sepla.«lis«sever<^^^ m 
surftceareaandmayhaveaninsula«onlayersuchasanh,O^SnO,layerdep<«..edthe^^ 

The polymer layer 2 can for instance be spto-coated or applied ht anotirer smtable way. and 
thetLc^ssofthe polymer layer can typicaUybeftomlO- .010* m. in sornecas^ttmay 

b.necessarytobecarefol.whenusingverytitinfitasorparticul,rconcentr«.ons.ti.at 
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optical features are not significantly altered. However, such problems will not be further 
discussed herein, since they are obvious for a person skiUed in the art. 

The polymer layer 2 is covered with a separation layer 3, whereby this 
combination, i.e. the polymer layer 2 and the separation layer 3 can be stacked several times, 
in this particular embodiment illustrating three polymer layers. However, multiple polymer 
layers 2. typically more than ten can be provided. Alternatively, the polymer can be provided 
as laminate with other suitable materials, or as a coating on a matrix layer, even if these 
examples are not illustrated m this figure. 

mhn writing into one polymer layer, a first laser beam coming from a light 
source aUustrated by an arrow labelled "light") is focussed on a certain area in the data 
storage medium, whereby the polymer hx this area reorients due to the photo-orientable 
groups, which wiU be further disclosed below. The first laser beam, for instance havmg blue 
Hght, initiates the reorientation, whereby a secondbeam (firom &e same source) of an 
intensity high enou^to heatthe polymer above its glass-transition temperature Tg, finishes 
Ihe reorientation . The resulting written area can then be read as optical data. 

The optical data storage device 20 can for mstance be m the form of an optical 
disk, whereby data, typically m the form of bits, are read onto circular tracks by means of a 
probing laser beam when this disk rotates m an optical record player or an optical card. 
Another possibiUty could be to provide holographic storage, v^ereby a hologram of an image 
is recorded as an interference pattern. These, and other applications will not be described in 
more detail, since such technologies are well known within this technical field. 

Now is referred to Fig. 3a-c, illustrating how the polymer is converted firom a 
non-written condition to a written condition. The polymers, of which three are shown, are 
iUustrated in direction perpendicular tx> the cross-section in Fig. 2, i. e. in the same direction 
as the arrow denoted "lights Fig. 3a shows a situation after aligmnent, but before mitiation. 
Fig 3b shows mitiation of a central area 12 (the local focal area) of part of the polymer layer, 
herein the centre polymer, mdicated by an arrow in the left comer thereof. Fig. 3c shows part 
of the polymer layer after bemg written. Hie central area 12 now comprises the groups m a 
direction, which is essentiaUy perpendicular to the direction after aligmnent Uris direction is 
) only intended to illustrate the principle of the mvention. and is therefore not limited to this 

particular direction. 

The initial orientation of the multi-fimctional polymers in Fig. 3a can be 
achieved for instance by means of surface effects such as shearing or drawing, or by means 
of an additional layer, a so-called "aligmnent layer" (not shown) provided thereon, or by 
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1^ ««rrirn\arlY a magnetic field or an electrical 

tier: rr^^^ 

field. If the groups are aligned by means oi 

general eleettodes that sandwich aU storage ; ^ local erasure and 

Lpll«,,fort.ewho,edevloe.«ele<=^es3a^«^-^^^ 
, initi.lma.eaa,<>rien.atlonper.eyerlsposs.b,e.^p™^^^^^ 

^.providetheextemalglobalali^ent^dso^^^ ^^^^^ 

«,«„n.eventflt.po^b^^^^ 

the polymer. The digmng fi> ^ , planar alignment « 

aUgmnent field d«ing deposrtron oftte da^^V pto«.orientable nnta »d 

oWained.Now.d»ingthe™«ngproces.,h^to^«^y^^^^ 

,0 ti^forceofaieaUgnmentUyer^^^op^^---^^ 

gr„nps.ln«sway,tl»writlngspeedo^b^»^o^* ^ ^^^^ 

----^'-":::i:rl""Uteain«..3^1^e.ln.e.period 
fteWaaaontooktoendupmrtaflnalonen j ^^tolobeproperiy 

^^re<^Ude.ernanedby.hetypeofpo^^.«^^»f^^^ 
chos«r.ofUlfflthere<,»remea.sr.gardmgsm.ob»g^e.^^^ 

^.«onds.aparac»l«e^^--— J^,^^^^^^^ 

detemnned by reorien.at.on "^^'.o^J^ , e. latter switch faster. 
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and that the material stays above Tg for several miUiseconds as a result of the poor heat 
conductivity of the medium, allowing for the self-development It is also possible that a short 
laser pulse is used to heat the sample above Tg (where it wiU stay for milliseconds (ms)) and 
a second irradiation over a longer time period is used for the photo-reorientation. 
5 The laser beams can for instance come fiom a diode laser, typically with a 

vvavelength of approximately 400 mn. However, there is a great flexibility in the choice of 
wavelengths, both for writing and reading. For mstance dyes can be added to provide 
sensitivity at a suitable wavelength. Both the writing beam and the heating beam can 
according to a preferred embodiment of the invention, be combined into one beam (as ' 
10 illustrated in Fig. 2) feat both initiates and heats, or alternatively be spatially separated 
everywhere except at the desired writing position to increase non-linearity of the method. 

Hie method for writing data according to a general preferred embodiment of 
the invention can be iUustrated with reference to Fig. 6. which is a flow-diart of the same. 
In a first step 1 01 . fee polymer material is heated above its glass transition temperature Tg. 
15 and in a second step 102. writmg is mitiatedby orientation of photo-orientable groups of fee 
polymer by means of Uluminating wife light that initiates fee reorientation. 

Reading of information can be performed for instance by irradiating fee 
polymer layers wife monochromatic coherent light, typically laser Ught to read data by means 
of using fee change in orientation of anisotropic fluorescent dye molecules, i. e. fee third 
20 group R3. Typically, fee different orientation of fee transition dipole moments of fee 
fluorescent chromophores in "written" and "non-written" areas causes a contrast in 
absorption and feus in fluorescence. The contrast can typically be about 1:7. Of course, also 
ofe« anisotropic groups that change orientation can be employed, for instance fee photo- 
ori«xtable group. Also ofeer types of groups than anisotropic, that change optical properties 
25 when illuminated wife Ught from an intense writing beam, which properties can be read by a 
weaker reading beam could be possible, provided that initiation is fast enough. It is also 
possible to provide fee optical properties m a blend, rafeer than in fee polymer itself, or to 
use additives. 

Erasing fee stored information can be obtained by increasing fee temperature 
30 above fee glass-transition temperature Tg and cooling in an electrical or magnetic field. It can 
also be obtained by re-aligmnent to fee aligmnent layer when above fee Tg or by a reversed 

photo-orientation process 

The glass-transition temperature Tg typically is above ambient temperature. 
However, it is preferred to have control over fee glass transition temperature in order to be 
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sure that flie stored data will not be degraded during storage at desired temperatures. Such 
methods, for instance to use vinyl based polymers, are well known and will therefore not be 
further described herein. 

The time scale on which the laser pulse has to be applied is much shorter than 
5 the time-scale on which the anisotropic molecules reorient. Thereby, high recording data 
rates can be combined with a high recording stability. 

The solution for data recording, which can be applied in multi-layer optical 
data storage media, has several advantages over prior art These advantages are the 
following: increased stability of stored information, fast writing speed possible, independent 
10 optimisation of material properties possible, increased fluorescent signal intensity through 
anisotropic emission (factor two to three in photons) and increased absorption cross section 
(enabling thiimer layers for a given, optimal absorption). 

Since also the invention provides a small difference in the index of refraction 
of mitten and non-written bits, this will result in reduction of beam quality as the light 
1 5 transverses the different layers, even if it is small compared to conventional technique. In a 
stacked device having many polymer layers, say above ten, the differences between written 
and non-written bits can be further reduced by careful choice of materials, i. e. typically by 
selecting a fourth compensating group. Alternatively, this difference could instead be 
increased to be used by sensing this as an optical parameter, for instance by means of a 
20 differential phase contrast microscope set-up in transmission. 

Even if only reading by means of using fluorescence is described in the 
examples, any other method capable of sensing optical parameters dependent on molecular 
orientation can be employed. 

The device for optical data storage can also be used e.g. for optical signal 
25 processing, Fourier transform, and other recording purposes than described. 

As used in the following claims, the word "comprise'' means including, but 
not necessarily limited to. 
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1 . A metiiod for writing data in a storage medium comprising polymer material 

by modifying its optical properties, said method comprising the steps of: 

heating up the material above the glass-transition temperature (Tg), and 
initiating the wri^g by reorientation of phgto-orientable-groups in fbp 

polymer material by means of illximinating with light at a wavelength and for a time period, 

or other means, that initiates the reorientation. 



2. A method according to claim 1, wherein the photo-orientable groups are one 
or more anistropic groups present in tiie polymer material. 

10 

3 . A method according to claim 1 or 2, wherein initiating and heating are 
performed by means of a single beam. 

4. A method according to claim 1 or 2, \rfierein initiating is performed by means 
15 of a &st beam and heating is achieved with a second beam. 

5. A method according to any one of the claims 1-3, wherein initiating is 
performed during a time period which is much shorter than a time scale on which the 
polymer, preferably an LC polymer, reorients, typically a time period within a nanosecond 

20 time regime such as 10-50 ns. 



6. Device for optical data storage, comprising: 

polymer material as storage medivim, 

means for heating up the material above the glass-transition temperture (Tg), 

25 and 

means for initiating the writing by reorientation of photo-orientable-units of 
the polymer by illuminating with Ught at a wave-length and for a time p^od, or other means, 
that initiates the reorientation, whereby data can be stored in the polymer material by 
modifying its optical properties 
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7. Device according to claim 6, wherein the polymer material comprises one or 
more anisotropic polymers. 

8. Device according to claim 6 or 7, wherein a polymer layer, preferably a 
polymer film, is provided on a transparent base plate. 

9. Device according to any one of the claims 6-8, wherein said device comprises 
combined heat source means and light source means, whereby said polymer film may be 
heated and the molecular order or orientation of said film may be varied, 

10. Device according to any one of the claims 6-9, wherein said device comprises 
physical orientation means such as an aligmnent layer, and/or transparent electrode meajas for 
orientation of the polymer layers before writing. 

1 1 . Device according to any one of the claims 6-1 0, wherein said heating source 
means and/or light source means comprises a laser. 

12. Device according to any one of the claims 6-11, wherein absorption properties 
of said polymer film provide data to be stored with a laser beam of a particular wavelength 
and intensity and read out with another laser beam having a different wavelength, or different 
intensity significantly below the writing threshold, not disturbing the stored data. 

1 3 . Storage medium comprising polymer material, adapted to store data by 
modifying its optical properties, said polymer material comprising photo-orientable groups 
0RrR4), which can be reoriented upon illummation with light at a wave-length and for a time 
period that initiates the reorientation, which can self-develop at a suitable temperature, 
typically above the glass transition temperature (Tg). 

14. Storage mediimi according to claim 13, comprising groups selected fi*om: 
azobenzene, biazobenzene, triazobenzene and azoxybenzene, as well as alkyl substituted 
derivatives of the same, stilbene or spiropyran groups. 
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® 

Optical data storage method, device and storage medium, comprising storing 
data by modifying optical properties of polymer material, y^&tthy writing is initiated by 
reorientation of photoorientable units, typically by illuminating with light at a vrave-length 
that mitiates the reorien^tion. . . 

5 

Fig.l 
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